;.) Research article
Food Eng. Prog. 2025;29(1):62-71
Check for pISSN: 1226-4768, elSSN: 2288-1247
fidates https://doi.org/10.13050/foodengprog.2025.29.1.62

NANEZr

Food Engineering Progress

Cells alive system W3HIAl0] =MEl ot QUCI2|A0| DX

Olalg" " - &Y - AHA - FKIRH

= oo

LIS MEATESH, 2SEH(0/y

g

rir
oo

Effects of the cells alive system (CAS) freezing on

aged Hanwoo shoulder clod

Hye-Yoon Yi"', Kyeong-Hak Jeon',

YeongJae Kim? and Ji-Yeon Chun'"

'Department of Food Bioengineering, Jeju National University, Jeju 63243, Korea

2Saltbypeb, Jeju 63245, Korea

Abstract

This study evaluated the effects of the cells alive system (CAS) freezing method and different thawing methods (refrigeration and
running water) on the quality of aged Hanwoo shoulder clods. Thawing time was significantly influenced by the thawing method,
with running water thawing taking 3 h and refrigeration thawing exceeding 20 h. CAS freezing yielded significantly higher lightness
(L*) values during running water thawing than it did during general freezing (p<0.05), likely owing to reduced water loss. CAS-frozen
meat exhibited lower volatile basic nitrogen levels and thawing loss (2.05%-2.11%) compared with that of general frozen meat (3.17%
-3.79%), indicating superior freshness and reduced quality deterioration (p<0.05). Among the textural properties, springiness was
highest in frozen and running water-thawed CAS meat (10.5 mm). In contrast, general freezing combined with refrigeration thawing
caused the greatest quality degradation, as reflected by the lowest pH (5.45) and water holding capacity (86.36%), and highest
cooking loss (32.98%). These results suggest that CAS freezing combined with running water thawing minimizes changes in quality
and enhances springiness, making it an optimal approach for the production of high-quality aged meat.

Keywords: Cells alive system, Freezing, Thawing, Aged beef, Quality

WSS AE 45 Y 3 24 7RT BA - oA

E4 H3lE JAI5] et o R g ARSEIL QltkHong,
e € A1 59 Tl

7t 4 AR A

5 Hiohd o 7|7 AAEE FAE 4= ATKShim et al., 2015;

Chun et al,, 2016). A1&E0] Y= HFAO oro] W2 &2 LB

AL 4 9lom, =AY = oF -5~0T B2 o] W2 g4

T Hmaximum ice crystal formation zone)& W=7 Fdol= g%

K
g3
o
o
E i
olN
1
X
S
K
[
Fﬂ
:IO r_E n

WHEo LHE/\] o

352 Y5 F4 HolE Faslsl= Zlow
(Im et al., 2022; Kim et al., 2022).
FEWES 40T ojsle] Ao | =
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280 Al&E T QItiHong, 2019; Hu et al., 2022).

HAET It

Received: Jan 22, 2025 / Revised: Feb 06, 2025 / Accepted: Feb 12, 2025

Corresponding author: Ji-Yeon Chun, Department of Food Bioengineering, Jeju National University, Jeju 63243, Korea

E-mail: chunjiyeon@jejunu.ac.kr
"These authors contributed equally to this work.

Copyright © 2025 Korean Society for Food Engineering.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

62

https://www.foodengprog.org


https://crossmark.crossref.org/dialog/?domain=pdf&date_stamp=2025-02-28&doi=10.13050/foodengprog.2025.29.1.62

HY Yi et al.

Food Eng. Prog. 2025,29(1):62-71

QO] ABIANONA] 7St cells alive system (CAS)yS H<527]
Hol A7S WA B 27} WEslo] WEHe] 4EE o
Skl AEe] AE &S FHasble ¥E7lecltOwada &
Kurita, 2001). CAS $5-2 A2 Alxzdfo] 71six= 71414 AE
AAE XS] BFEE diE Fox AF0] £, 23K, 715
AL 4= = 202 AA AcHOwada, 2011). 1= oF27}
A o= CAS 7]&s B85t §54Eo] 48271 &ds] o
2olx)7] okl 9o, CAS 7149 WEEH thet 27} H5o]
g Qolth= oJAE UH ZASHHOtero et al., 2016; Hong, 2019).

Ys2 28 2 AFls Aside sieatgo] Z42olH,
oltf shstte 2F AlFe FHo I FIFZ vAA Aot
(Park et al., 2006; Chun et al., 2016; Cao et al., 2022). 2]& 3]}50]
HEA o2 ABET = THo== Y ois, ¥ o, 7=
3%, 42 a5, WA E 5ol dlov, siE 2Ae X5
AF9] F4 B4 B2 9% FA Frk(Shim et al, 2015). 5
3], SEAZto] AojdasE AFo nE S4 Al S71st
of F4 APt P & qlouw AHe sfs AtE FrAShe
AL oL ZQ3HIm et al,, 2022).

A WS 0 5 2elo] 4% B DA FFS ol
s] 919 S QTR SEEe gels £99 ojsad
nYESHA EA EAM(Park et al, 2012), 3k2-89] ¥% I di%
2700 g F4 HKChun et al, 2016), HFRt ol Y
= =20 vlAE IF FA(Gan et al, 2022), HIt PE 2 S
&7t &4 Fav] S F4E S0 A= 9% RI(Kim et
al., 2024) 5°] Ut SPA|E oF&]7EA] CAS Y5o] A% F2l
2ls YT GRS A= mHRE Aotk

27| 2 FePE S8 o] AJo|7t AA ABAe] Aokt
A UeRdt detAog S1o]8-0 2 ol &= MY, 54,
g ARlet i, I, B4, -5 A% AR 52 BAS 79
2 B2 wtH(Chungbuk National University, 2019). 0] 3 Ut}
AFe A gigo] Wi 22| dekelo] 4nA] MBI e o
B HAET QIoKKim, 2020). i, 9k ke 2kt Blde
o= FE At 7 5978 B4 vhs 22 7o
XA AHRE IS 017 fIRE AleEo] olojA|aL IEk(Kim et
al,, 2021). T3k e 53 F= ujAg 29]9] 2180 Hojo|d] V&
= A83510] AT AE FAA PHRIE ASto =N B
e o BB 7S] et A7 Skl IHKKim, 2020).

2 AFolMe S8 T A CAS ¥E 7IsS A8
stoH, WAt frshsol theE F2 AolE wEso <4
Tk dthElde] 4 HlE FHAadlohs WE 9 sie e Al
ASKIAF Stk
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E oA ARRE BE Alg= AP AT (Jeon et al., 2023)014]
ZAFFIAH, 1T, 4090z 445 he doEd
(Saltbypeb, Jeju, KoreayS ARE5lATE WHAAHO R 40Y &4
ke drEae] 4 542 Table 1 & Table 29} Zth

&5 S5E= CAS YB3 (Cells Alive System machine Batch
type, ABI Co., Ltd., Chiba, Japan)2} Q% ¥5-31(IBK-500F, Infobio-
tech, Daejeon, Korea)E ARE5lo] W Aottt CAS Yate
A= A 2&7F 20T =Y fj71A] CAS WEal(-44+1T)0
A YEERPL, HiRtS At YEI(21£1TYE ARESTo] 5%
A 25(200)0] °oF W7 Y5t she-2 = SisEt
W o SPEUT 75 e 22 17.6205C, 75
< 138 mmis= AASINTL, S50 SaEE 7IeS Alao] AR &
L7F 4£1TC0] 25k AR Aot 3 s Aol
41T AISHAA AR o] A7 2&7F Z2 4£1Tf| ol wizkA] A
Poloirt. LE diso] HaH AlRs st £4 54 248 6
e s AREICH

ME U o

A= L*) a* b* g2 AR (TCR200, PCE americas Inc.,
Jupiter, FL, USA)E 33] Z245}9]0m, ojuf] E3 WiMmo] L* a*,
b* ZFE 91.74, 3.01, -13.720]%t}t. BE A|59] QAL st g
730]|A] ofo]Z 14(iPhone 14, Apple, Cupertino, CA, USA)Z &%
stoict

pH

pHE A& 5 g0l 555 20 mLE 7}5F%] homogenizer (Ultra
Turrax T25, IKA, Braun, Germany)Z 7,000 rpmof|A] 187t o213}k
3t & pH-meter (Five-Easy Plus F20 pH/mV, Mettler Toledo, Grei-
fensee, Switzerland)S ©]-&35}0] 33] HHE A3}

ut™ 7| EA(volatile basic nitrogen, VBN) &}

=
=
=

1o o

FUby 7] A4 S(hE 4L AE5749] Conway U3 2HAE
H(MFDS, 2024y HEsto] S5t Alg8 A= A= 10
g (Wt 3575 50 mL (dF E4ste] 3087t 3& Rt & ofn}
ST 5% B4k oI o}g3to] cizlalg OHHOR FA

=, SrE 9ol YATE AT oE ARSSIgT SR of
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7Y 1 mLE Conway §7] 9 94&of F3tal, o= 0.01 N
H,SO4 (Daejung chemical & metals Co. Ltd., Siheung, Korea) 1 mL
£ Fgt 7, 24 2220 K,CO; (potassium carbonate anhydrous,
Daejung chemical & metals Co. Ltd.) Z5}89 | mLE Fs}o] 7|
AE vE 5742 E8ith ol K,CO; EokgHo] & AolA|
e F, 25ColA 6027t BRI A7 Conway®] 5742 4
0] Brunswik A]?] (methyl red & methyl blue, Daejung chemical &
metals Co. Ltd.) 10 xLE WAof 3t T, 0.01 N NaOH (sodium
hydroxide Daejung chemical & metals Co. Ltd.) 2402 ZZJs}o]
AHEE Harg SE0Kt SAES SFTE ARSSIAL 23]
HHAE FHoto] o] Ao osf ALtsH:
(b—a)xf

X X
W 100 xd

VBN (mg%) = 0.14 X

a: AAol et B 0.01 N NaOH AH|ZHmL)

b: ZAIZo] thgt 0.01 N NaOH AH|ZHmL)

d: A9} 3]AJHlj4(mL)

f: 0.01 NaOH 97}

W: A AHHg)

0.14: 0.01 N HCl -8949] 1 mLo] sl 3 @714 4K mg)

H2(water holding capacity, WHC)

H432 Wierbicki & Deatherage (1958)2] R ¥gslo] =
A5HTE 15 mL test tubeo]] ARE AZRE 92 & AZ Yo A]
&1 gZ Foloith 11 ¥, 10CE A4S Y4E2]7](LaboGene
1248R, Gryozen, Daejeon, Korea)ol| A 1,763xgO 2 1057+ QA1

Zl5toict. QAR T ARE AASKL test tube] FAS St
7, the] Alof ofsf B Alolict
W, — (W, — I,
WHC(%) = — W= W) 100
i
Wi A= 72

Wa: Hl test tube F-7|(g)
Wi A& AA I test tube FAI(g)

7t ZzkH(cooking loss)

& SHT F ez
Scientific Co., Seoul, Korea)of|A] 3J\ JB9o] 257} 85C7}
T A&=20A 3027 FAEE AR
g3t & thZ9] Ao
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i o I v L A
TR, test tube2] AHE AAsI] ZAS
oJ3f 71EdFE At
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Cookingloss(%) = <100
A: H test tube F-Al(g)

B: 71¥ A test tube FA|(g)

C: 71¥ F test tube FA|(g)

siisZzH(thawing loss)

a0l HaH AlRE FolErdR HH EVIE AAT & £
£ % Jotglom, ofefo] A& ol8sto sieiEe Uetgich
7t Nag 33 §HE S4ste] Bagto s Yo

(A-B)

1 x 100

Thawing loss (% ) =

4: s A Aol FA(g)
e & A=l ()

5
ol

ZX1Z(texture profile analysis, TPA)

ZAZFE Moon et al. (2021)9] HFH-ES A5 HEPs|o] =51
th AZE A7 20 mmxF 20 mme] Z7]|2 I T, texture
analyzer (CT3 10K, Brookfield Engineering Laboratories, Inc. Mi-
ddleboro, MA, USA)Z &35t} 27 254 mm, 57 35 mm2]
cylinder type TA11/1000 probeS F&51 11, EF AL deforma-
tion 50%, pre-test speed 2.00 mmy/s, test speed 2.0 mmy/s, post-test
speed 2.0 mnys, trigger load 3.0 g 2 7519t 7 T (hardness),
H2FA(adhesiveness), -3 4J(cohesiveness),

3] A (chewiness)< 103] WHE =A5}9ith.

EF24X(springiness),

SHHz]

= A310 H4 33] oA} HRESlel o, AT Wi EREA}
2 Yehfigich A4 2= Minitab 18 (Minitab Inc., State College,
PA, USA)E ©]85}0] ALEAHLH (one-way ANOVA) ., 7t A=
9] Fold HAE 9ol Tukey2] tha77 ™ (Tukey's multiple range
test)S 0]-85l0] p<0.05 $ZoA] AEAAL AR5

= = =
AL (=) = =1
HES5d4]9 is3M

ol

Q5 31 (general freezing, GF)2} CAS 5115 o|-8-5}o]

5H 54992 47 455 (running water thawing, RWT)Z}
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% olE i (refrigeration thawing, RT)S -85 Si&3IHA A& &
AR 25 ST A¥e Fig 10 Eo feesfesidie W @
SR BARLO] 3AIZE olUie]l Alm SR 4T Hof Wes
359 siso] emE A on, WSS Alolli= GF &7d%0] 21.54]
7t CAS =/d50] °F 25417 48 ¥ 0] dfEo] m= it A7t4
S5 Yss4|0] seAREE Wl ofgt JdET siEr
o WE AolE HFt Jo et al. (2014)2 5 24C(YHHEE
17), —45C(air blast freezer), -100C(liquid nitrogen cryogenic
freezen 2 Y5 & siarde 2ot W, ¥ 9 SheAl
& fersiisiio] Ardsls et B Wil Hilsto] & A
9} GARSH A HHck ¥, Shim et al. (2015)9] ALof|A TAL
WHe] SRS 9 eI SRR, $4, 22, A
A 1A gElolgie u Yol dAlle] frdliee A
SPEET ShEAES HEAF oW, ol TEE £ ATt
E2 A0 mE A= BAsIqIth shARl BasAl9] siE Az
2 ¥ W B3 R miHThL Basie] B Aol tE A
TS HoP7|= 53l ole ©<es] WEHHE ofde, ¥EY
S5 WA= 95 Al AP A ofRel 22 W4E0| sheAlkt
o = FW| Heos A

ME U oI

AHAEL A% 7o) A £2 TERclos S, ANE, W
olR 52 Zas7] ol7lne 4189] Ml olphe EHe Bl
u] 2% X2 AF8ckShin, 2020). ¥E A &4 TS ke
AFo] L, a*, b3k ZF2F 4251, 18.40, 1.029.0.5(Table 1), W5
A% PHe Gt £4 B Juiae] Mol ope 7zt
Table 32} Fig. 20] Uehgict. W - 815 Ae] F 2499] a*gh
(28.12~29.21)T} b*Z}(1.85~3.21)2 W= H(a*: 1840, b*: 1.02)5
T} 2 ke BO, LGRS E A@25)T 3 - 3 HelE

5 =CAS-RWT =CAS-RT ~GF-RWT =GF-RT
4_
3_
~ 2 A
g 1
04T —T— ———
; -1 41 34567 891011 2223242526
B -2 4
é- 3 Thawing time (h)
S 4

Fig. 1. Thawing curve of frozen aged beef shoulder clod according to
thawing method (CAS: cells alive system freezing, GF: general freezing,
RWT: running water thawing, RT: refrigeration thawing).
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Table 1. Physicochemical properties of fresh and 40 days—aged beef
shoulder clod

Traits" Fresh meat 40 days aged meat
L* 39.57+1.65”% 42.51+0.48°
Color a* 31.03+1.42° 18.40+1.01°
b* 0.74+0.06" 1.02+0.07°
pH 5.25+0.10° 4.91+0.03°
WHC (%) 95.16+0.44° 93.32+0.39°
VBN (mg%) - 8.05+0.49

"WVHC: water holding capacity, VBN: volatile basic nitrogen

YData are expressed as the means=*standard deviation (SD).
9b\Means+SD within the same row with different superscript letters differ signifi-
cantly at £X0.05.

Table 2. Texture properties of fresh and 40 days—aged beef shoulder clod

Traits Fresh meat 40 days aged meat
Hardness cycle 1 (N) 2.76+0.85"2) 10.07+5.34°
Hardness cycle 2 (N) 2.10+0.67° 7.81+4.09°

Adhesiveness (mJ) 0.43+0.06 1.06+0.33°
Cohesiveness 0.43+0.03° 0.40+0.04°
Springiness (mm) 5.43+0.50° 5.60+1.06°
Chewiness (mJ) 6.63+3.01° 23.26+13.94°

"Data are expressed as the means+standard deviation (SD).
22b\Means=SD within the same row with different superscript letters differ signifi-
cantly at £€0.05.

(40.74~43.98) Zto]] TSIt Aol 5 Ho|A] UQATHTable 3). ¥E &
S Wol e &5 Mgl A a*gh AEA 7] 5914
Ql 2}l & HolA] ARLOU(p>0.05), L*EH} b*Fh 912l Ao
£ HAhp<0.05). £3], 53H5(RWT) Al CAS F5o] Yuhys
(GRET oA 07 & Lk UEItHp<0.05). 4]59] A4
g2 17] A il v QS 2n], RSl By} 7k
8110 2Jsf HslA k(o et al, 2014). ARFH o= - 5
£ AAA =¥ Al59] 3 Ak3lof| oJ3t wMo] WAstA E, o]
o A Hr= g - ok A2 243 Aol ihE AJolE Hol=
Aoz kA 9ItkKo, 2011). Hu et al. (2023)2 Tieksl o541
o] ¥ =52 A 4o nAl= FF= ERlsilon, A ejat
nfo] A 20} siERS Ml W AlAST 7HE FARE A
S UERQIthT. B u5I9Eh Aroeira et al. (2017)S 4 - S5 %]
£ A% 237 $Eo] AlE QE BPUZFEA AlE el &
(heme) AA7F AT O R TFe EAGIEE Ut o} =2 M
A2 Lghe Yehd 202 wicholoirt. Wedt ofs e 2
23t 54 3 Artejale] Qe HoRS W A ERWT) A
URHYS(GF) Aol CAS ¥5 Ak} o B o] 45
o] A5 o EAol= Ae I 4= ATHFig. 2). wWEhA],
B AFoA &4 T ArteldS CAS W¥Est AR I
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Table 3. Color of aged beef shoulder clod according to freezing and thawing
method

Freezing-thawing method

color

CAS"-RWT? CAS-RT GF-RWT GF-RT
L*  43.11+£0.98%% 41.93+0.40% 40.74+0.32°  43.98+1.14°
at  2921£171°  2812+035° 29.03+0.78° 29.03+1.04°
b*  3.02£075°  3.17£032°  1.85+0.78°  3.21x0.13°

1)
)

CAS: cells alive system freezing, GF: general freezing

RWT: running water thawing, RT: refrigeration thawing

9Data are expressed as the means=*standard deviation (SD).

“2\Means+SD within the same row with different superscript letters differ signifi-
cantly at £0.05.

~

Thawing Freezing method
method CAS freezing General freezing
S .
RWT
RT

Fig. 2. Appearance of aged beef shoulder clod according to freezing and
thawing method (RWT: running water thawing, RT: refrigeration thawing).

(GRFIS T o RS L4ghe el AL o B ofe] 4]
Al ol whAURE Ao e vk Auw

pH
A159] pH= S, B4, O54], A, 237, AT 5 Tk
»(:)—l_ 3T

3 5747} AR Bo] Qlo] A% F4 WY S8% AR
& ARETHKIm, 2022). E3E A150] pHi= M4, 229, <4
4 g - sl 24 A= Hslels AoRE YA UrKKim
et al,, 2015; Kim et al,, 2018). ¥ Aol Y53} s HHS &
23t <4 SRS rhE)ake] pHE Table 40] WYERAQILE W - S
Ag] 3 A189] pHE 545~5.662] HAE Vel WE A S48
(491t BE Fopzl Zlo= SRIF ). E3E, W - offs A7 &
/359 pHe YRhgE- YA S(GE-RT) Al FoJH02 7MW
< (545 EAHp<0.05). ¥ o g W - o5 A7 F Al&2
pH= W5 AEY =AY W& 5 3loH, oj= 9 - dis W ¢
ZZ3} #o] Qtklo et al, 2014). pHY] Z71= A& ¥A(cold

66

denaturation), H4x= 4 0|2 WEol| WE Atz HiE it
(Meersman et al., 2006; Leygonie et al., 2011). Kim et al. (2024)
4 719 pHe W5 Y o5 0] whe fojulat Hslg 1t
ERJA] 2kthar H15l9itt Hu et al. (2023)2 W5-8-2 disshd
==l e I ARt ARA el EgkEo] S oA BhA
WA 82 7t 27kl et phis 7k Bushlck
wep, £ ATl GE-RT Hekze] §o08 e pH 1 -
shEol mE WA A=t 7P Askl] dEe s SiHE & ot
ATpH0E B AT AL CAS 5T S4SIERWT) X7t 2
HHS(GF) % BAIERTES <-8=2] pH A4F 4D 5= 9L
L zog Az

gled F71 =A(VBN) aetE

%7] A (volatile basic nitrogen, VBN) S 524 T
HZ0] W] =g ARlek= A HEH S579] AAE Trox

AL UtHKang & Chun, 2023). ¥F % i Rl The
S/ - ATiEfe] VBN RS Table 491 Atk WE A /35
o] VBN#EZ 8.05 mg%C|12H(Table 1), ¥ - 35 A2 Fol=
8.28~10.15 mg%2] HYE Hoj Y5 MEr: BF =2 32 U
ERi K Table 4). 53], GF-RT(LE-4F3Hs) A2 A 7F
=2 10.15 mg%R YERth YT e AT AEFsA
oA gk Sl AR Y 7] Ea o 49 20
mg% oJstE HEEo] AAS AEE FAT 4 s RISkl
(MFDS, 2024). ¥5 3 i W0l webA e <459] VBN gh
AJolE Hlom, 53] sURt o R dEstiS W CAS ¥
Y F(GREE Fo4 08 T2 VBN g5 Hetjo] WaHiH
o] /g5 AAEo] FoRt JFE £ 5 Us= skt
(p<0.05). §H, Y5 /459 FaaRWDA 2= H-SHSRT)
Hop 92 VBN g2 WERgloW, Fojulet Zolg Holxj= &
AThp>0.05). Zhang et al. (2023)2 AASH 21715 WA4C) B
P A7 el 24171, olo] et b 7] Hae
ke TRISIE], ATPE GERET W VBNZES $AJ%)

Table 4. pH and volatile basic nitrogen (VBN) of aged beef shoulder clod
according to freezing and thawing method

Freezing-thawing method

Traits 3 2
CAS"-RWT CAS-RT GF-RWT GF-RT
pH 5.64+0.02%% 566+0.01° 5.66+0.04° 545+0.03°
VBN (mg%) 8.28+0.52° 8.63+0.83° 9.54+0.73® 10.15+0.39°

UCAS: cells alive system freezing, GF: general freezing

YRWT: running water thawing, RT: refrigeration thawing

IData are expressed as the means=standard deviation (SD).

“Means=SD within the same row with different superscript letters differ signifi-
cantly at £{0.05.
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oln
oL

Ao, ol= A7 o] W Hit T 70 Tl AskE °*X1
I ol BSiE AAA o 2N SR W Bt s A
2= Q7] Yok Husledeh ¥hd, Kim & Chin (2021)2 Y=
(30T 9 -70C)E Eefato] A4 HIX117]9] VBNEES A
T+ 2HS] olm|gt ApolE HoX] lThal sto] & AFehs tE
S HIrk THo® &2 Aol CAS ¥Eo] PRhdEH &
o] F4 AstE Alsk=d aHAQl AE Hel 22 A1
IAA & EAE vAIsHA JISAI71E CAS ¥5o] A1&0] £4

Aol FF= T3] dhel® Al

moh

Has

Hapgolgh A5l Ad, 24, 4 EAF 52 =Sl 9=
RIS 1 A% o] SRS BReuE 5L olulaithKim,
2022). _/’\_318 Ao 9] 9—1-‘1—_1', J\_l-]/ﬂ- \:]«-1\-1 pH qu_ tﬂz%ﬁ]— _T',]—ao]

AHLee, 2020). ¥ H e FHo] WE &4 T el
B2 Table 400 YERITE W A £3589 B4 9332%
F AA8(95.16%) B k= W2 kS HAtKTable 1). W - 35 A
& 54390 B2 86.38~90.15%% W5 A $ASHT 7Aagt
AIE HAHKTable 5). ¥ % sha o] mE 5452 Had
W golS(GE-RT)OIAEL G502 e 286.38%)
HYOB(p<0.05), YoiA] ZHHE W 89% obgo] 2k 1
ehieict ¥ - 3K Me) F 4490 pH Aol GERTEE 3]
Moz v 7o Ueht, pHot HAES AR AL Hol
22 ZIBIIC Table 49} 5). WSS LG Yol W2 B4
O u]|QAl 27} whyE 1, ThlA HAjo g o5 H4#o| Zha
S| EthMoon, 2013). Chun et al. (2016 % S-S50 W (HAS

#

il

o rlo

B3} oA D KB L 95 Pt (18I 3
)1 HE w48 WSS Kl o, W5 9 o5 W
47} A1%0] Béelo] Golulet QRS FIrka Ruskch. Park

et al. (2006) 35’_?} A)71(0.1~200 MPa)2 2lalo] 15C0)A

Table 5. Water holding capacity (WHC), cooking loss, and thawing loss of
aged beef shoulder clod according to freezing and thawing method

Freezing-thawing method

Traits

CAS"-RWT?  CAS-RT  GF-RWT GF-RT
WHC (%) 89.74+0.77%% 89.97+1.09° 90.15+£1.56° 86.38+3.08°
Cooking 51 4941 51°  22.69+1.99" 2345+253° 32.08+171°
loss (%)
Thawing 5 05+0.16° 2114017 3.17+0.34" 379059
loss (%)

CAS: cells alive system freezing, GF: general freezing

)
;RVVT: running water thawing, RT: refrigeration thawing
)

SN}

Data are expressed as the means*standard deviation (SD).
“2\eans+SD within the same row with different superscript letters differ signifi-
cantly at ££0.05.
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592 oi5olS wo] 4 HelE WEsIYon, g2 iy
100 MPa7HA] 231 AI7|E EoESE d1559) pHe B8 It
T folHo Zrlelo] B Aol fARRE AR HIITkp<0.05).

J

et
4% 1A 9 SuEs & B Aole] 27 WalE
St o] MM e, ol Tk WA B A9 T4

oy
oM

2, pH, 0}2, 158 5o oo ZgErkLee, 2020). 1HHF A=
3 @ 29 AE % 22 720] &4 FokT V20| UkGan
et al, 2022). WE R o5 Yol W2 &4 TS Yrfeldol b

7S Table 59} 2T} CAS-RWT, CAS-RT, GF-RWTS] 717}eF
2 21.49~23.45%9] HLIE Ho|r, AT 7k9] 599l ZjolE
Holz] A9ItHp>0.05). ¥, AWhEE-37sl5(GF-RT)2] 71zt
O 3298%E JojAo R Y =2 7k HY 1—4<p<005) o= <
/8% GF-RT A9 A] 7P 22 pH H s A3}t o]
Q= Ao PzrEC) Kim et al. (2013)2] ALollA] WEHP@(
1 2 AR mE AR 7HEw XPOl—t— =R okte
, A150] A Hgo] =2 RYUSE o W2 71ERE B
ST ASl] ot 71azdEol w«lﬂlo FFE T
1ok ESE Yu et al. (2005)2 5-2%(0, 2, 18T)0] T2 YA
0] Fom|3t 7tz Aloli= SRIEA] PkThar sigitt. AxHE
07, & AT ¥ 9 s WRo] 250 7ol AH
oJgkS Z2|= ok Ao 7 FolE|Qir}, o GF-RTED}
AS $5T FolERWT) 5 1714] ool Wiiile 2-85l=
o] A59] 7197ES Wit SRl A oE A7

I, o H x

[¢]

2 7Fote] AlE R EAfsk= A2 A
He Oﬂxﬂ *ohﬂﬁ xagm;q 4L ouSt(Im et al, 2022). =
< 98 9 AE A7 7L Sl B, 3, EEE HESHET|
A<l 7l&ol ARt siEayola AR o= WASH= ER(drip)
£ #J510] 9 Uglo] HKKim et al,, 2022). EF9]
# JL et 9 - s $o e W 4 Sle
QItKGan et al,, 2022). Y% 2 s HhHo] w2
:q@ ko %It}ﬂ*b] S EHTFE Table 50 UERRSITE. %882
SRS CAS W5(2.05~2.11) A YEh35(3.17~3.79)ET} &
ofFom U2 ghed Wit (p<0.05). WH, <4359 sedT
2 o 1ol wE AolE HolR= ol sis Ui sl
2 RS 24 9F= 7102 eERGTHp>0.05). Chun et al. (2016}
U 4 o e 3R89 oifs Aol e UL s1e
™, E3] S435(2.09~2.59%)2 ATHIS(4.02~4.54%) BT}
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o5 S YEQITH . B A06tSIch Hu et al. (20232 Y5=s
9] siEHS FolS o, AASKE(5.37%) Al 7} =2 shat
T UErIRlom, lo]Z=1K3.57%), 294(2.69%), 2Ll 9
ofo]F21K(1.92%) A2 Al fFoJH0 R W siehE Hlthal
slo] B Areh= T2 e HYthp<0.05). YHFA o= siElwF
BezAo] g WA 4eF A7), A2 &4 et writt
o] 9= Ao= Ad#A YriKo, 2011; Chun et al., 2016). A5
2 Lo dESE WA 2= A BHEHA, ol
9] s 2 7T WEet 3Rl Ao dEA
ItHKo, 2011; Kim et al,, 2022). 2802 2 1S Bl 229
AIZE ohsHA] o= CAS W5 71&2 479 shed®de B5
Lo g3k9l AL olsioirh

e AE T v

@)

[o i rlo

LT

]

O >
Ho

o] 72 wisle} A 7 28 20] 43, kg WA, A 415}
50 A%9] 227 B4 7o) YIekGan et al, 2022). A5
4 HSkE ERlskr] ffste] A AlRe] Tt s ofulsh=
7% (hardness), EHOIL} B0 S A0 72 (adhesive-
ness), 4] 7t At A& e = 3-8 (cohesiveness), 2J5-9]
gof o3 W0l 715l F Yo HHE HEotels wEd
(springiness), 14| 2152 A & S AR F=r sk el
5] A (chewiness)} 22 AZE0] & H71EthKo, 2011; Kim
et al, 2017). Y& 9 siE FRo] e 4 R Arhepdel 24
% A= Table 63 .

7% I(hardness 1)9] 3¢, W5 A 4445004 10.07 N(Table
o2 Uehton], W - 85 Azl Fol GERTOM 71 28
10.94 N (p<0.05), FHA] A5 4.40~6.21 NO| HYE HY
th ol2fgt A2 Bk 2014 % FAFSHA TR E AT Table 6).
Ko (2011)9] Aol 4159 71E 2 s Aol didezs @
A vERt AR 2 A4 G589 Aol $54 WE AR
o 22 Ak HoH, ol $595 A0l ¥ Al 249
&} Hes EYCEA siE ol R £ AA st s
I FARE E4S UERH A0 & HI5HIH Kim et al. (2017)2
UE ES 285 S5A2) A Zuo] U Fugte] Hske 1
) Qskow, o B49E T uE HEOR ool 24 &
‘& d 5 WAo] FastElo] AMST} AR BES A 5
AT B soict. GutE o R, s IHgolA] 89 LR
g Wy 9 IS R 27 20] HalE QIS 4S9 Hee
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Table 6. Texture properties of aged beef shoulder clod according to
freezing and thawing method

Physical Freezing-thawing method
properties  CAS"-RWT?  CAS-RT GF-RWT GF-RT
Hardness g 711 5099 4404101 6214187 1094+3.10°
Cycle 1 (N)
Hardness =, oei146°  330+078° 451+146° 805+2.35°
Cycle 2 (N)
Adh‘a(iLVJe)“ess 3794287 147+034° 224+160° 1.65+0.95°
Cohesiveness 0.34+0.05° 0344003 032+004 0.36+0.03
SPriNGiness 165041472 726+1.14° 8324150 8714151
(mm)
Che(mess 2064+1147° 104142.83 17.78+7.87° 31.61+9.02°

CAS: cells alive system freezing, GF: general freezing

JRWT: running water thawing, RT: refrigeration thawing

IData are expressed as the means=standard deviation (SD).

“2PMeans+SD within the same row with different superscript letters differ signifi-
cantly at £{0.05.

~

27Vl 7102 I A UtH(Zhang et al,, 2017; Hu et al., 2023).

P 4 dl5 S 2Es $4989 F24(adhesiveness)>
147~3.79 mJ9] HYE Helom, CAS Y5 A] §4-31%(3.79 m))
o] WgshE(1.47 mNE; FOH0 R &2 FAMIE 7= Ao
B UEPTHp<0.05). E3F, 57495 s Aol f555(2.24
ml)°o] FAE(1.65 m)ET} =2 FZAS HRth Gan et al
(2022 HhFRt ssH (ol A&2a, 233, A9, )0 ¥
559] FAMol| v|A= 9 RISk, 223 siE Al 4
9] 2ol 7MF &4 Uehd A2 233 AR ofs &
L7 HE N shsaby Bt 22 PRl HE fAE 5 3L
Q| gEOFE HISHTE

2 A4 ¥ 4 siE WS 2Ett S99 4
(cohesiveness)2 0.32~0.362] HYZ Yeltom, A+ 7k9] &
Ofuldt Aol 5 HolAl= UtHp>0.05). °IE F3f 2 AFlA A
2I3t WE(CASeF GF) B S5(RWTS} RT) M-S <7359 £4]
A kol fFonet It A g A= wmdEnh

/352 &2/ (springiness) 1§ #(5.60 mm)E e} g - 3fE
A2 £(7.26~10.50 mm)°]] BF H &2 g5 Hlth Y5 9 of
& ol T Ao A CAS Y5-FolE(CAS-RWT) A <4
=+9] &regigdo] fojF o= 7MY =2 74(10.50 mm)yS YERARI
(p<0.05). RHH o & Y5 7|7to] Aojds A8 42 g
A == oluf A59] Ar= S76tal @S ash, o]
£ 92 2749 531 9 Aetd 9] Yol ;E A o2 A A
QITHWu et al., 2021; Luo et al., 2023). T2ty E A5 E3)
CAS-RWTE £/d59] 4 HISIE 240kt & Q=¥
How A7iE.
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